APPLICATION 
FOR 

UNITED STATES LETTERS PATENT 



Be it known that I, Richard M. Lloyd, residing at 71 Lincohi Street, Mehose, 
Massachusetts 02176 and being a citizen of the United States, have invented a certain 
10 new and useful 

VEHICLE-BORIslE SYSTEM AND METHOD FOR COUNTERING AN 

INCOMING THREAT 
of which the following is a specification: 
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Applicant: 
For: 



Richard M. Lloyd 

VEHICLE-BORNE SYSTEM AND METHOD FOR COUNTERING 
AN INCOMING THREAT 



5 FIELD OF THE INVENTION 

This invention relates to a vehicle-borne system and method for countering an 
incoming threat to a vehicle such as a tank or armored persoimel carrier. 

BACKGROUND OF THE INVENTION 
10 Destroying missiles, aircraft, re-entry vehicles and other targets falls into three 

primary classifications: "hit-to-kill" vehicles, blast fragmentation warheads, and kinetic 

energy rod warheads. 

"Hit-to-kill" vehicles are typically launched into a position proximate a re-entry 

vehicle or other target via a missile such as the Patriot, THAAD or a standard Block IV 
15 missile. The kill vehicle is navigable and designed to strike the re-entry vehicle to render 

it inoperable. Countermeasures, however, can be used to avoid the "hit-to-kill" vehicle. 

Moreover, biological warfare bomblets and chemical warfare submunition payloads are 

carried by some threats and one or more of these bomblets or chemical submunition 

payloads can survive and cause heavy casualties even if the "hit-to-kill" vehicle 
20 accurately strikes the target. 

Blast fragmentation type warheads are designed to be carried by existing missiles. 

Blast fragmentation type warheads, unlike "hit-to-kill" vehicles, are not navigable. 

Instead, when the missile carrier reaches a position close to an enemy missile or other 

target, a pre-made band of metal on the warhead is detonated and the pieces of metal are 
25 accelerated with high velocity and strike the target. The fragments, however, are not 
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always effective at destroying the target and, again, biological bomblets and/or chemical 
submunition payloads survive and cause heavy casualties. 

The textbook by the inventor hereof, R. Lloyd, "Conventional Warhead Systems 
Physics and Engineering Design," Progress in Astronautics and Aeronautics (AIAA) 
5 Book Series, Vol. 179, ISBN 1-56347-255-4, 1998, incorporated herein by this reference, 
provides additional details conceming "hit-to-kill" vehicles and blast fragmentation type 
warheads. Chapter 5 of that textbook proposes a kinetic energy rod warhead. 

The two primary advantages of a kinetic energy rod warhead are that 1) it does not 
rely on precise navigation as is the case with "hit-to-kill" vehicles and 2) it provides 

1 0 better penetration than blast fragmentation type warheads. The above technology 

developed by the inventor hereof can be modified and adapted to destroy heat and kinetic 
energy roimds that are designed to defeat tanks or armored personnel carriers. 

One of the most serious incoming threats to targets such as tanks, armored 
personnel carriers, and the like, is the heat (shaped charge) round or the kinetic energy 

15 round (KER). The KER is the most difficult to destroy or deflect and is typically V^ inch 
to 1 inch in diameter and approximately 30 inches long. The KER travels at 
approximately 1 .6 km/second and is designed to pierce the armor of tanks and armored 
personnel carriers. Prior active protection systems (APS) and methods to counter 
incoming threats, such as the KER or heat roxmd, include small "hit-to-kill" vehicles and 

20 conventional blast fragmentation-type warheads. However, these prior systems and 
methods are typically ineffective against the incoming threat because the "hit-to-kilF' 
vehicles often miss the intended target and the blast or fragmentation-type warheads are 
typically ineffective at destroying or altering the flight path of the KER or heat round. 
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This is because about 97% of the fragments from a conventional isotropic blast 
fragmentation type warhead are ejected away from the KER or heat round. Since the 
KER or heat round is so small, most of the fragments are wasted, hence, this type of 
conventional warhead lacks the overall hits required to destroy a KER or heat round. 

SUMMARY OF THE INVENTION 

It is therefore an object of this invention to provide a vehicle-bome warhead 
system and method for countering an incoming heat round or KER threat. 

It is a further object of this invention to provide such a system and method which 
effectively destroys an incoming threat. 

It is a further object of this invention to provide such a system and method which 
effectively breaks or fractures an incoming KER or heat round. 

It is a further object of this invention to provide such a system and method which 
effectively destroys tank rounds, missiles and artillery fire. 

It is a further object of this invention to provide such a system and method which 
effectively displaces or deflects the flight path of an incoming KER or heat round threat 
such that the KER or heat round threat will miss the intended target. 

It is a further object of this invention to provide such a system and method which 
effectively displaces or deflects the flight path of tank rounds, missiles, and artillery fire 
such that the tank rounds, missiles, and artillery fire will miss the intended target. 

It is a further object of this invention to provide such a system and method which 
can determine if a counter-munition will miss the incoming threat, and if so, effectively 
destroy the incoming threat. 
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It is a further object of this invention to provide such a warhead system and 
method which can determine if a counter-munition will miss the incoming threat, and if 
so, effectively alter the flight path of the incoming threat so it will miss the intended 
target. 

5 The invention results from the reaUzation that truly effective vehicle-bome system 

and method for countering an incoming threat can be achieved by the unique combination 
of: 1) a sensing device configured to sense an incoming threat; and 2) an active protection 
system which includes a) a maneuverable interceptor with a plurality of kinetic energy 
rods and an explosive charge configured to aim the kinetic energy rods in the direction of 

10 the incoming threat, and b) a detection subsystem configured to maneuver the interceptor 
to intercept the incoming threat and determine if the interceptor will miss the threat; if the 
detection subsystem determines the interceptor will miss the incoming threat, it will 
initiate the explosive charge of the interceptor to aim the kinetic energy rods in a 
disbursed cloud in the trajectory path of the incoming threat, thereby effectively 

15 destroying or altering the flight path of the incoming threat such that it misses the vehicle. 

This invention features a vehicle-bome system for countering an incoming threat, 
the system including a sensing device configured to sense an incoming threat, and an 
active protection system including a maneuverable interceptor incorporating a plurality of 
kinetic energy rods and an explosive charge configured to aim the kinetic energy rods in a 

20 predetermined direction; the active protection system further including a detection 

subsystem configured to maneuver the interceptor to intercept the incoming threat, the 
detection subsystem further configured to determine if the interceptor will miss the threat, 
and then initiate the explosive charge to aim the kinetic energy rods into a disbursed 
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cloud in the trajectory path of the incoming threat and between the incoming threat and 
the vehicle. 

In one embodiment the incoming threat may be chosen from the group consisting 
of a kinetic energy round munition, a shaped charge, a heat round, a missile, an artillery, 
5 and a stabilizer rod. The vehicle may be a tank. The vehicle may be an armored 

personnel carrier. The interceptor may include a warhead section with a plurality of bays 
for holding the plurality of kinetic energy rods. The bays may be orientated such that the 
kinetic energy rods are deployed in different predetermined directions for creating the 
disbursed cloud. The detection subsystem may include a radar module for determining if 

10 the interceptor will hit or miss the incoming threat. The detection subsystem may include 
a fuze control unit for initiating the explosive charge. The kinetic energy rods may be 
made of tantalum. The rods may be hexagon shaped. The kinetic energy rods may have a 
cylindrical cross section, a non-cylindrical cross section, a star-shaped cross section, a 
cruciform cross section, flat ends, a non-flat nose, a pointed nose, a disk shape with flat 

15 ends, or a wedge-shaped nose. The kinetic energy rods may have a ductile composition 
for preventing shattering thereof The explosive charge may be shaped such that 
detonation of the charge deploys the plurahty of kinetic energy rods in a predetermined 
direction to form the disbursed cloud. 

The vehicle may be a tank, such as a BMP-3 tank, a T-80MBT tank, a BMP-3 

20 ICV tank, an ARENA APS tank, or a T-80UM2 tank. 

This invention also features a vehicle-bome incoming threat countering method, 
the method including sensing an incoming threat, activating an active protection system 
including a maneuverable interceptor incorporating a plurality of kinetic energy rods and 
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an aimable explosive charge configured to deploy the kinetic energy rods in a 
predetermined direction, maneuvering the interceptor to intercept the incoming threat, 
detecting whether the interceptor will miss the incoming threat, and if the interceptor will 
miss the incoming threat, then initiating the explosive charge to aim the kinetic energy 
5 rods into a disbursed cloud in the trajectory path of the incoming threat and between the 
incoming threat and the vehicle. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Other objects, features and advantages will occur to those skilled in the art from 
1 0 the following description of a preferred embodiment and the accompanying drawings, in 
which: 

Fig. 1 is a schematic side view showing the typical deployment of a conventional 
blast fragmentation-type warhead in accordance with the prior art; 

Fig. 2 is a schematic front view showing the ineffective spray pattern of fragments 
15 of the conventional blast fragmentation-type warhead shown in Fig. 1 ; 

Fig. 3 is a schematic view showing the deployment of a blast wave pattem in 
accordance with a prior art blast fragmentation-type warhead. 

Fig. 4 is a schematic side view depicting the system and method for intercepting 
an incoming threat in accordance with the subject invention; 
20 Fig. 5 is a schematic side view showing one example of the sensing device of this 

invention mounted on a tank; 

Fig. 6 is a schematic three-dimensional view showing examples of a KER threat 
and heat round threat; 
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Figs. 7A and 7B are schematic three-dimensional views showing the primary 
components associated with the active protection system of this invention; 

Figs. 8A-8C are schematic three-dimensional views showing a plurality of bays in 
the warhead section of the maneuverable interceptor of this invention; 
5 Fig. 9 is a schematic three-dimensional view showing the interceptor of this 

invention deploying all the kinetic energy rods in the direction of incoming threat to form 
a highly dense cloud of kinetic energy rods; 

Figs. 10-17 are three-dimensional schematic views showing different kinetic 
energy rod shapes useful in the interceptor of this invention; 
10 Figs. 18-20 are schematic three-dimensional views showing the vehicle-bome 

system for countering an incoming threat of this invention mounted on various types of 
tanks; 

Fig. 21 is an enlarged three-dimensional schematic view showing the active 
protection system mounted on the tank shown in Fig. 18; and 
15 Fig. 21 is a schematic block diagram showing the primary steps associated with 

the vehicle-bome incoming threat countering method of this invention. 

DISCLOSURE OF THE PREFERRED EMBODIMENT 
Aside from the preferred embodiment or embodiments disclosed below, this 
20 invention is capable of other embodiments and of being practiced or being carried out in 
various ways. Thus, it is to be understood that the invention is not limited in its 
application to the details of construction and the arrangements of components set forth in 
the following description or illustrated in the drawings. 
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As discussed in the Background section, conventional warhead designs and 
methods cannot achieve a hard kill by breaking an incoming threat, such as a KER or heat 
round (shaped charge) into many pieces. Conventional warheads can only achieve soft or 
deflection kills of the KER or heat round which does not ensure high probability of 
5 survival of a home vehicle, e.g., a tank or armored personnel carrier. As shown in Fig. 1 , 
conventional warhead 10 deploys fragments 12 such that the majority (e.g., 97%) of 
fragments 12 miss intended incoming threat or target 14 (e.g., a KER or a heat round). 
As shown in Fig. 2, where like parts have been given like numbers, prior art blast or 
fragmentation-type warhead 10 produces spray pattern 13 with small section 16 of 

10 penetrators 12 which actually impact KER 12. In this example, only about 2-3% of 

fragments 12 hit KER 14, while about 97% fragments miss KER 12 and are wasted. As 
shown above, only about 2-3% of fragments 12 have the potential to impact the small 
diameter rod of KER 14. Additionally, if the miss distance is somewhat large, then 
fragments 12 would spread far away, generating holes in spray pattem 13, hence allowing 

15 the KER 14 to fly through spray pattem 13 without being hit. Conventional blast 

fragmentation-type warhead 10, Figs. 1 and 2, therefore, lacks the overall number of hits 
of fragments 12 on incoming threat or KER 14 to effectively destroy KER 14 or alter its 
flight path. 

Conventional blast-type warhead 20, Fig. 3 is also unable to effectively break or 
20 destroy KER 14. Warhead 20 is only capable of deflecting KER 14 by destroying fins 22. 
Pressure or impulse from blast wave 24 decays extremely fast, hence the deployment of 
blast wave 24 requires very accurate timing of the fiize and small miss distance in order 
to achieve any secondary kill level (e.g., destroying fins 22 or KER 14). 
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The textbook by the inventor hereof, R. Lloyd, "Conventional Warhead Systems 
Physics and Engineering Design," Progress in Astronautics and Aeronautics (AIAA) 
Book Series, Vol. 179, ISBN 1-56347-255-4, 1998, incorporated herein by this reference, 
provides additional details concerning "hit-to-kill" vehicles and blast fragmentation type 
5 warheads. Chapter 5 of that textbook proposes an aimable kinetic energy rod warhead. 

Two key advantages of kinetic energy rod warheads as theorized is that: 1) they do 
not rely on precise navigation as is the case with "hit-to-kill" vehicles; and 2) they 
provide better penetration and higher spray density compared to blast fragmentation type 
warheads. Further details concerning kinetic energy rod warheads and penetrators 

10 (projectiles) are disclosed in co-pending U.S. Patent Application Serial No. 09/938,022 
filed August 23, 2001 (RAY-123J); U.S. Patent Apphcation Serial No. 10/162,498 filed 
June 4, 2002 (RAY-126J); U.S. Patent Application Serial No. 10/301,420 filed November 
21, 2002 (RAY-137J); U.S. Patent Application Serial No. 10/385,319 filed March 10, 
2003 (RAY-139J); U.S. Patent Application Serial No. 10/370,892 filed February 20, 2003 

15 (RAY-140J); U.S. Patent Application Serial No. 10/456,391 filed June 5, 2003 (RAY- 

142J); and U.S. Patent Application Serial No. 10/456,777 filed June 6, 2003 (RAY-143J). 
All of these apphcations are incorporated by reference herein. 

One idea behind the subject invention is to deploy a maneuverable interceptor 
which includes a plurality of kinetic energy rods and an explosive device which is 

20 configured to aim the kinetic energy rods in the direction of incoming threat. The system 
and method of this invention can determine if the interceptor will miss the incoming 
threat, and, in the event of a miss, initiate the explosive charge within the interceptor to 
aim the kinetic energy rods in a disbursed cloud in the trajectory path of the incoming 
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threat to effectively destroy or disrupt the flight path of the incoming threat. 

In accordance with this invention, a novel active protection warhead has been 
developed to generate a hard kill against an armor piercing stabilizer rod, such as heat 
round (shaped charge) threat or KER. This design is superior to conventional designs and 
5 methods because the aimable interceptor allows about 80% of its overall weight to be 
used as penetrators. This provides the abihty for all of the kinetic energy rods 
(penetrators) to be deployed in one direction and generate a dense cloud of penetrators or 
kinetic energy rods. When the enemy rod (e.g., a KER or heat round) travels through the 
cloud, the KER or heat round is broken into many small fragments or pieces. The rod 

1 0 pieces of the enemy KER or heat round then tumble and fall short of the intended target, 
hence providing protection to tanks, armored personnel carriers, and the like. The 
vehicle-bome system and method for countering an incoming threat of this invention can 
be applied to both future and current ground vehicle systems. The innovative warhead 
system of this invention provides an effective way to deflect, disrupt, and achieve a hard 

15 kill (e.g., destroy) against all anti-armor threats, including, inter alia, KERs, heat rounds, 
tank rounds, missiles and artillery fire. Other conventional warhead designs and methods, 
such as high explosive or multiple explosively formed projectiles (EFP) warheads have 
less performance compared to the aimable kinetic energy rod warhead of this invention. 
Conventional blast-only warheads require very small miss distances with fuzing concepts 

20 that have extremely tight tolerances. Conventional fragmenting warheads require 

interceptors with a tight tolerance because the timing of high velocity projectiles depend 
on active fuzing requirements. The vehicle home system and method for countering an 
incoming threat of this invention deploys all the projectiles at low velocity which relaxes 
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the fuze (interceptor) and forms an expanding cloud of penetrators (kinetic energy rods) 
that the incoming threat (e.g., KER or heat round) rod flies through and is destroyed. 
Modeling and design efforts in accordance with this invention have demonstrated that 10 
to 20 hits would occur on a typical incoming threat, thereby causing sufficient damage to 
5 break the incoming threat into many smaller pieces. 

Vehicle-bome system 10, Fig. 4 for countering incoming threat 12 of this 
invention includes sensing device 14 configured to sense incoming threat 12. Sensing 
device 14 may be a multidirectional radar sensor, as shown in Fig. 5. Incoming threat 12, 
Fig. 4 may be a kinetic energy round (KER), as indicated at 15, Fig. 6 which is used to 

10 penetrate the armor of a vehicle, such as a tank 21, Fig. 4, or armored personnel carrier 
19, or similar armored vehicles. Incoming threat 12 may also be a shaped charge or heat 
round, as indicated at 17, Fig. 6, which is designed to penetrate the tank by creating many 
small fi-agments. The shaped type charge round indicated at 17 contains high explosive 
19 and is often referred to as a heat roimd. This type of incoming threat warhead forms a 

15 hyper velocity jet which penetrates a tank wall at high velocity and destroys all tank 
components. 

Vehicle-bome system 10, Fig. 4 also includes active protection system (APS) 16, 
shown in greater detail in Fig. 7A. Active Protection System 16 includes maneuverable 
interceptor 18 (shown in flight in Fig. 4) which incorporates a plurality of kinetic energy 
20 rods, such as kinetic energy rods 20, Figs. 8A-8C and explosive charge 22 configured to 
aim kinetic energy rods 20 in a predetermined direction, e.g., at incoming threat 12, 
Fig. 4, as indicated by arrow 39. 

Interceptor 18 ideally includes a warhead section 48, shown in greater detail in 
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Figs. 8 A and 8C which includes plurality of bays 50 for incorporating kinetic energy 
rods 20, detonator 23, and explosive charge 22. An enlarged view of a single bay section 
of plurality of bays 50 is shown in Fig. SB. Plurality of bays 50, Fig. 8C are orientated 
such that kinetic energy rods 20 are deployed in different directions, as indicated by 
5 arrows 24, 26, and 28 to create disbursed cloud 34, Fig. 4. The shape of explosive charge 
section 22, Fig. 8C also aids in the formation of dispersed cloud 34 of kinetic rods. Fig. 4. 

As shown in Fig. 9, interceptor or aimable explosive charge 18 of vehicle-borne 
system 10 mounted on tank 43 deploys all of kinetic energy rods 20 in the direction of 
incoming threat 12 to form highly dense cloud 34 of kinetic energy rods 20 which breaks 

10 and destroys incoming threat 12 on impact. 

In one design, kinetic energy rods 20, Figs. 4, and 8A-8C may be made of 
tantalum and may be hexagon shaped. Typically, the preferred kinetic energy rods 
(projectiles) do not have a cyhndrical cross section and instead may have a star-shaped 
cross section, a cruciform cross section, or the like. Also, the kinetic energy rods may 

15 have a pointed nose or at least a non-flat nose such as a wedge-shaped nose. Kinetic 

energy rod 240, Fig. 10 has a pointed nose while projectile 242, Fig. 1 1 has a cruciform 
cross-section. Other kinetic energy rod shapes are shown at 244, Fig. 12 (a tristar-shape); 
projectile 246 (disk shaped). Fig. 13; projectile 248, Fig. 14; (truncated cone shaped 
nose), and wedge shaped projectile 250, Fig. 15. Kinetic energy rods or projectiles 252, 

20 Fig. 16 have a star-shaped cross section, pointed noses, and flat distal ends. The 

increased packaging efficiency of these specially shaped projectiles is shown in Fig. 17 
where sixteen star-shaped projectiles can be packaged in the same space previously 
occupied by nine penetrators or projectiles with a cylindrical shape. Further details 
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regarding the shapes and operation of the kinetic energy rods of this invention are found 
in the co-pending applications cited supra. Ideally, kinetic energy rods 20 are ductile in 
construction to prevent shattering of the rods upon deployment. 

Active Protection System 16, Fig. 7 A also includes detection subsystem 30 
5 configured to support the maneuver of the interceptor 18 (also shown in Fig. 4) to 

intercept incoming threat 12. Detection subsystem 30, Fig. 7A is configured to determine 
if interceptor 18, Fig. 3 will miss incoming threat 12, as indicated by trajectory path 32, 
and if so, initiate explosive charge 22, Figs. 7A-7C to aim kinetic energy rods 20 into 
disbursed cloud 34, Fig. 4 in the trajectory path of the incoming threat, e.g., trajectory 

10 path 40, which is between incoming threat 12 and vehicle 21 to destroy or disrupt 
traj ectory path 40 of incoming threat 12. 

Active protection system 16, Fig. 7A may include radar module 60, Fig. 7B for 
determining if interceptor 18 will miss incoming threat 12, Fig. 4. APS 16, Fig. 7A may 
also include control xmit 62 for initiating the explosive charge (e.g., explosive charge 22, 

15 Figs. 8A-8C) and aiming kinetic energy rods 22 to form disbursed cloud 34, Fig. 4, if 
interceptor 18 will miss incoming threat 12. System 10 also includes a maneuvering or 
thruster device (not shown) configured to maneuver interceptor 18 to intercept the 
incoming threat. Each interceptor 18, Figs. 4 and 7A contains a small divert actuator 
control (DAC) system (not shown). The DAC system consists of propellant with small 

20 nozzles, based on the incoming threat type. The DAC fires to move interceptor 1 8 as 

close as possible to the enemy roimd or incoming threat 12. Ideally, the warhead is fired 
shortly before engagement. 

The result is that vehicle-bome system 10, Fig. 4 of this invention effectively 
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destroys or disrupts the flight path of incoming threat 12, even if interceptor 18 misses the 
intended incoming threat because disbursed cloud 34 with kinetic energy rods 22 
disbursed therein can alter the flight path of incoming threat 12, as indicated by altered 
trajectory paths 46 such that the incoming threat will fall well short of the intended target 
5 vehicle, e.g., tank 21 or armored personnel carrier 19, or completely destroy incoming 
threat 12, as indicated by arrow 48. 

Typically, vehicle-bome system 10 of this invention is mounted on a tank, such as 
a BMP-3 ICV tank shown in Fig. 18, the T-80UM2 tank as shown in Fig. 19, or the 
T-80UM1 (Snow Leopard) tank as shown in Fig. 20. Fig. 21 shows an enlarged view of 

10 APS system 16, Fig. 7A, fitted on the BMP-3 ICV tank. Fig. 18. In other embodiments of 
this invention, vehicle-bome system 10 can be mounted on an armored personnel carrier, 
such as armored personnel carrier 19, Fig. 4, 

The vehicle-bome incoming threat countering method of the subject invention 
includes the steps of: sensing an incoming threat 12, Fig. 4, step 100, Fig. 22; activating 

15 active protection system 16, Figs. 4 and 7 A which includes maneuverable interceptor 18 
incorporating a plurality of kinetic energy rods 20, Figs. 4 and 8A-8C and explosive 
charge 22 configured to aim kinetic energy rods 20 in a predetermined direction to 
intercept incoming threat 12, Fig. 4, step 102, Fig. 22; detecting whether interceptor 18, 
Fig. 4 will miss incoming threat 12, and if interceptor 18 will miss incoming threat 12, 

20 then initiating explosive charge 22, Figs. 8A and 8C to aim kinetic energy rods 20 into 
disbursed cloud 34, Fig. 4 in trajectory path 40 of incoming threat 12 and between 
incoming threat 12 and vehicle 21 or 19, step 106, Fig. 22. 

Although specific features of the invention are shown in some drawings and not in 
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others, this is for convenience only as each feature may be combined with any or all of the 
other features in accordance with the invention. The words "including", "comprising", 
"having", and "with" as used herein are to be interpreted broadly and comprehensively 
and are not limited to any physical interconnection. Moreover, any embodiments 
5 disclosed in the subject application are not to be taken as the only possible embodiments. 
Other embodiments will occur to those skilled in the art and are within the 
following claims: 

What is claimed is: 
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